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Between August 1983 and December 1985, 
19 mountain lions were captured, radio 
equipped, and monitored daily within a por- 
tion ofthe North Kings deer herd range on the 
west slope of the central Sierra Nevada in Cali- 
fornia. The density of adult mountain lions 
was estimated to be one per 33.3 km2; that of 
adultsand kittens together wasestimated to be 
one per 20.9 km2. Home-ranges averaged 265 
km2 for adult females and 350 km2 for adult 
males. Home range overlap was high among 
females, among males, and between malesand 
females. Some mountain lions migrated eleva- 
tionally with the deer, but others remained at 
low elevations throughout the year. The prelim- 
inary results of this study suggest that moun- 
tain lions could be limiting the North Kings 
deer herd. 
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ost deer populations of the 
Sierra Nevada of California have 
been declining for the past three decades. 
Research and habitat treatment aimed 
at reversing this trend have been concen- 
trated on the North Kings population of 
migratory California mule deer (Odo- 
coileus hemionus californicus) in eastern 
Fresno County. The population was 
estimated at 17,000 animals in 1950' and 
by 1972 had declined almost 80 percent 
to an estimated 3500 animals.2 Intensive 
efforts to  improve the habitat have failed 
to reverse or even stop the decline.' The 
population in January 1986 was esti- 
mated at 2,000 animals.4 
In the early 1970's composition counts 
indicated that low fawn survival was the 
principal cause of the continued decline 
in the North Kings population. Preda- 
tion by mountain lions (Felis concolor 
californica), black bears ( Ursus ameri- 
canus), and coyotes (Canis latrans) has 
recently been identified as the principal 
cause of fawn mortality.5 Of the 90 
fawns radio-equipped in the population 
since 1978, 43 (48 pct) have been killed 
by predators. Of the fawns killed by 
identified predators, 47 percent were 
taken by mountain lions. Between 
August 1983 and November 1985, we 
radio-equipped 23 does and monitored 
them for 22.5 deer-years. Of these 23 
does, 5 were killed by mountain lions- 
an average of 22 percent per deer year.4 
Although predation is probably not 
responsible for the decline of the deer 
population, it is probable that predation- 
especially by mountain lions-is pre- 
venting its recovery. This level of preda- 
tion seems to indicate a high mountain 
lion density, or at least a high mountain 
lion: deer ratio. 
Recent track surveys6.7 indicate that 
mountain lion densities equal to that of 
the North Kings area are widespread in 
California. This contrasts with earlier 
findings suggesting that mountain lions 
were in low numbers in California. In 
1922, Bruce8 estimated a total of 600 
mountain lions in the State. In 1976, the 
California Department of Fish and Game 
estimated the State's population at 2400 
animals,9 based on an estimated average 
density of about three lions per 259 km2 
(100 mi2) and 18 1,300 km2 (70,000 mi*) 
of mountain lion habitat in California. 
Kofordfo estimated that there were only 
1,000 mountain lions in California in 
1977, based on an estimate of one lion 
per 518 km2 (200 mi2) over 38,850 km2 
(15,000 mi2) of mountain lion habitat in 
the state. In 1985 the California De- 
partment of Fish and Game reported 
4,800 animals in the State, with an 
annual increase of about 8 percent." 
With this wide disparity in density 
estimates, we lacked sufficient informa- 
tion to understand the relationship be- 
tween mountain lions and the North 
Kings deer population. Therefore, we 
undertook a study of mountain lions 
and their movements in the range of the 
North Kings deer population in 1983. 
This note reports a study to (a) 
determine the daily and seasonal 
movements of mountain lions, in the 
central Sierra Nevada, with emphasis on 
the temporal correlarion with seasonal 
range use by deer; (b) determine 
seasonal and annual home range sizes; 
and (c) estimare mountain lion density. 
The effort was not intended to be a 
major study of mountain lion ecology- 
only an aid to undershnding the role of 
the North Kings deer population to 
recover from its decline. Preliminary 
findings suggest that mountain lions 
could easily be limiting the North 
Kings deer herd. 
STUDY AREA AND METHODS 
The range of the North Kings deer 
population is located in eastern Fresno 
County, California, primarily within the 
Sierra National Forest. It includes ap- 
proximately 2070 km2 (800 miz), ranging 
in elevation from 200 to 3300 m (650 to 
10,800 ft). The winter range varies in 
elevation from 200 to 1000 m (650 to 
3300 ft) and vegetation varies from foot- 
hill woodland, through chaparral, to the 
lower ponderosa pine (Pinus ponderosa 
Dougl. ex Laws.) forest.12 The summer 
range starts at about 1,600 m (5250 ft) 
and extends to over 3,000 m (9840 ft). 
The habitat types range from ponderosa 
pine forest, through white fir (Abies 
concolor Lindl.), mixed-conifer and up 
to lodgepole pine (Pinus murrayana 
Grev. & Balf.) forest. 
We captured the mountain lions by 
locating fresh tracks, trailing and treeing 
with dogs, and tranquilizing with dart- 
delivered drugs. Radio transmitters were 
attached to the animals with collars. 
Each animal was weighed and described. 
During the 1985 capture phase of the 
study all mountain lion sign was recorded 
and mapped. Sightings, differences in 
track size, tracks associated with scratch- 
es, and the presence of kitten tracks with 
adult tracks were used by experienced 
personnel to determine sex and age of 
lions from sign. Evidence of each indi- 
vidual was then compared to known 
locations of radio-equipped and other 
known mountain lions in the area to 
separate specific animals. 
We attempted to radio-locate each 
transmitter-equipped animal each day. 
When a signal was received, the animal's 
location was determined by triangula- 
tion, drawn on maps in the field to allow 
the observer to detect errors or unusual 
movements at once. If a location was in 
question, additional radio directions 
were taken to verify the animal's loca- 
tion. Occasionally the observer walked 
to a location close to the animal to verify 
the accuracy of the radio location or 
determine whether the animal was alive 
and well. 
Because of rough terrain and the line- 
of-sight nature of the VHF frequency 
radio signals, we could not locate all 
mountain lions each day. To mitigate 
this problem, we used aircraft to locate 
the animals as often as twice per week. 
This procedure helped reduce bias in- 
troduced by underestimating a lion's use 
of inaccessible terraic. 
Radio locations were marked on field 
maps, recorded on field sheets, and 
entered into a computer data base by 
using the Universal Transverse Merca- 
tor System. The elevation at each loca- 
tion was also recorded. Locations were 
graphically plotted on the maps. 
Monthly, seasonal, annual, and total 
home ranges were determined from these 
radio locations. Total home range in- 
cludes all the area used during the entire 
period that the animal was radio equip- 
Table I - Basic data for mountain :ions radio-equippe 
California. 
ped. Home range boundaries were deter- 
mined by connecting sequential radio 
locations with a straight line, which 
represents the shortest distance the ani- 
mal could have traveled between loca- 
tions. After all locations were connected, 
the outermost lines were used to deli- 
neate the home range boundary. This 
process provides a biologically reasona- 
ble representation of home range boun- 
daries when 50 or more radio locations 
are available on one animal. 
RESULTS 
During this study, our activities were 
restricted by road access, weather, and 
possible conflicts with other activities to 
approximately 557 km2(215 mi2). Moun- 
tain lion capture was done during three 
periods. By the end of 1985, a total of 19 
mountain lions-17 adults and 2 kittens- 
had been captured and radio-equipped; 
3 in August of 1983,3 in February and 
March of 1984, and 13 during March 
through August of 1985 (table I). Five of 
the radio-equipped mountain lions have 
died-two and possibly three were 
illegally shot, one died of unknown 
causes, and one died as a result of 
,d during the studv, central Sierra Nevada, 
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2Proportion of the animals total home range that was within the study area. 
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having been caught in an illegal trap. 
Poor physical condition probably 
contributed to the death of the latter two 
lions. 
In addition to the 19 lions captured 
and radioequipped, 16 additional adults, 
identified as being different from the 
radio-equipped individuals, were de- 
termined to be using the 557 km2 area. 
Eight of these were females with litters. 
The number of kittens in each litter was 
not determined. Animals still dependent 
on and accompanying their mother were 
classified as kittens. All independent 
individuals, usually 18 months of age or 
older, were classified as adults. 
Radio Locations 
To date, we have obtained 3,166 radio 
locations, averaging 167 per animal 
(range: 27 to 613). The wide range in 
number of recorded locations was due 
primarily to the amount of time the 
animals had been radio equipped (table 
I). By the end of 1985, for example, 
mountain lion 83-640 had been carrying 
a radio for 28.5 months and 85-560 had 
been radio equipped for only 4 months. 
Mountain Lion Density 
Of the 17 adult mountain lions radio- 
tagged within the 557-km2 study area, 15 
were alive and being monitored at the 
same time. Using this as an absolute 
minimum number of mountain lions in 
the study area gives an estimate of crude 
density of one adult lion per 37.1 km2 
(7.01 100 miz). Including the two radio- 
equipped kittens brings the total crude 
density to one lion per 32.8 km2 (7.91 100 
mi2). 
However, during the 1985 capture 
phase 16 additional adults and 8 litters 
of kittens were discovered and identified 
as being different from the radio- 
equipped individuals. Of these, 13 of the 
adults-nine females and four males- 
and six of the litters were found within 
the 557-km2 study area. This brings the 
minimum number of adult mountain 
lions using the area to 28-18 females 
and 10 males-or one adult lion per 19.9 
km2 (13.01 100 mi2). 
The number of kittens in each litter 
was not determined. Anderson1-' reviewed 
17 studies and reported an average post- 
natal litter size of 2.67. However, based 
on track observations, we believe the 
litters in our study area were slightly 
smaller. Counting the two radio- 
equipped kittens and using an average 
litter size of 2.25 gives a total of 15.5 
kittens, or one kitten per 35.9 km2 
(7.21 100 mi2). 
The number of mountain lions using 
the study area is not the same as lion 
density. The home ranges of all radio- 
equipped mountain lions extended out- 
side the study area, and those of the 
nonradioequipped lions can be expected 
to do the same. We also believe other 
mountain lions, as yet undetected, use 
the area. 
To protect against overestimating lion 
density in the study area we counted 
only that proportion of each radio- 
equipped lion's home range that was 
within the study area. For example, if 
only 50 percent of a lion's home range 
was within the 557-km2 study area, then 
it was counted as 0.50 lion. The average 
portion of home ranges of the 15 adults 
within the study area was 60.1 percent 
for the females and 59.1 percent for the 
males (table I). 
Using these values reduces the total 
number of radio-equipped adult lions 
using the area to 9.0. Assuming that the 
same proportion of the unradioed adult 
lions' home ranges are within the study 
area gives their total at 7.7. This gives a 
minimum density for the study area of 
one adult per 33.3 km2 (7.81100 mi2). 
Applying the proportional value for 
their mother's home range to the two 
radio-equipped kittens and the mean 
proportion for females to the unradioed 
kittens gives 10.0 kittens, or one kitten 
per 55.7 km2(4.7/ 100 mi2). This is a total 
density of one mountain lion per 20.9 
km2 (12.41 100 miz) or one per 8.0 mi?. 
This is the density of mountain lions 
known to be using the area and therefore 
represents only a conservative estimate. 
HorneRange Size 
Total, annual, seasonal, and monthly 
home-range boundaries and sizes were 
determined for 16 mountain lions; this 
includes all of the adult lions that carried 
transmitters for 4 months or longer. 
Excluded were adult female 83-620, 
which was killed 6 weeks after being 
captured, and the two kittens-85-510 
and 85-740. Total home ranges of the 
nine females averaged 265 km2 (1 02 mi2) 
and ranged from 142 to 444 km2 (55 to 
171 mi2). Home ranges of the seven 
males averaged 350 km2 (135 mi" and 
ranged from 180 to 787 km2 (70 to 304 
mi2). 
Home-Range Overlap 
The nine radio-equipped females had 
home ranges totalling 2385 km2 (921 
miz), of which 1433 km2 (553 mi2) were 
within the boundaries of the 557 km2 
study area Cfig. I). This is 2.6 times the 
area available, eliminating the possibil- 
ity of these animals maintaining exclu- 
sive home ranges. The crowding appears 
even greater when females without radios 
are considered. Clearly, home ranges of 
female mountain lions overlap consid- 
erably in our study area. 
To illustrate the extent of that overlap 
we use lion 83-200, a 49-kg (108 Ib) 
female captured at 3 to 4 years of age. 
She has been radio-equipped for more 
than 28 months and has been radio 
located 613 times. She shared 100 per- 
cent of her home range with two to four 
other radio-equipped adult females and 
an unknown number without radios 
Cfig. 2). The home range of female 85- 
420 overlapped 41 percent of 83-200's 
home range and she overlapped 45 per- 
cent of 84-420's home range. However, 
when home-range boundaries were 
drawn on a monthly basis, the picture 
changed. Each female's home range over- 
lapped the other by only 13 percent. The 
short-term areas of use shifted frequent- 
ly and prevented much of the potential 
contact between female mountain lions. 
Home ranges of the male mountain 
lions also showed considerable overlap 
eg.'3). Like the females, they appeared 
to temporarily avoid portions of their 
home ranges when they were occupied 
by another male. However, occasionally 
two males were found within a few 
hundred meters of each other for 2 to 3 
days within that overlap zone. 
Figure I-Home ranges of nine radio- 
equipped female mountain lions. The solid, 
During an &month period in 1985, 
females 83-200 and 85-420 were radio 
located at approximately the same time 
on 98 days. The distances between them 
ranged from 1.2 to 25.7 km (0.7-16 mi) 
and averaged 1 1.1 km (0.7 mi). During 
the same period, male 85-195 and female 
83-200 were found separated by distan- 
ces of 0.0 to 30.8 km (0.0-19.1 mi) and 
averaged 5.7 km (3.5 mi). Apparently 
83-200 was sometimes more tolerant of 
the presence of a male than of another 
female mountain lion. 
We often found several mountain 
lions concentrated in a small area. For 
example, on two occasions, eight radio- 
equipped mountain lions were located 
within an area of less than 50 km2 (19.3 
mi2) and once we found six within an 
area of 18 km* (6.9 mi2). We suspect that 
several other lions were in these areas at 
the time. On other occasions we found 
three males within a 7.5-km2 (2.9-mi2) 
area. Certain areas appear to be favored 
for these concentrations. 
Elevdional Movements 
While elevational movements were 
variable throughout the year, especially 
for males, two distinct patterns were 
identified. One group shifted elevation 
seasonally, matching the migration pat- 
wide line indicates the boundary of the 557- 
km2 study area. 
terns of the deer, and another group 
remained at lower elevations all year. 
The two kittens and female 83-620 pro- 
vided data for only a short time and were 
excluded from this preliminary analysis. 
Twelve lions-seven females and five 
males-focused their summer activity 
between elevations of 1600 and 2000 rn 
(5249 and 6562 ft), which includes the 
lower summer range of the North Kings 
deer herd.2 During the winter, these lions 
spent most of their time between 1000 
and 1400 m (3280 and 4593 ft), the upper 
winter range for deer @g. 4). Short-term 
movements between elevational zones 
occurred throughout the year at unpre- 
dictable times. However, the general 
migration between seasonal ranges oc- 
curred during the periods that the deer 
migrated.14 
Two female and two male lions were 
found to be nonmigratory. These ani- 
mals had yearlong home ranges concen- 
trated at' elevations between 700 and 
1000 m (2297 and 3280 ft), lower than 
even the winter ranges for the migratory 
lion's Cfig. 4). Because these animals 
spent the summers below the concentra- 
tion of deer, they must have used other 
prey during that period. Resident deer 
are scarce in these areas during the 
summer. The nonmigratory lions were 
frequently found in the foothills on cat- 
tle ranches or in developed rural areas. 
Reports of pet and livestock losses have 
increased considerably in the past few 
years.4 
Examination of mountain lion scats 
from throughout the North Kings range 
showed a variety of diet items including 
26 percent small mammals, 6 percent 
cattle, 1 percent dog, and 60 percent deer 
on a percent occurrence basis.15 
The mountain lions that stayed at low 
elevations year around were also distin- 
guished from the migrating lions by hav- 
ing smaller home ranges and narrower 
annual elevation ranges. The home 
ranges of the low-elevation lions aver- 
aged 2 1 1 km2 (8 1 mi2) and the home 
ranges of the migrating lions averaged 
333 km2 (123 miz), or 58 percent larger 
(G2.34; P<0.05). The elevational ranges 
averaged 1295 m (4246 ft) for the non- 
migratory lions and 2105 m (6906 ft), or 
63 percent greater, for the migratory 
lions (t=10.16; P<0.001) 
- 
DISCUSSION AND CONCLUSIONS 
Preliminary analysis of the data clearly 
shows that the North Kings range has a 
high density of mountain lions; there is 
extensive home range overlap between 
individual lions of both sexes; and some 
mountain lions have a migratory and 
some have a nonmigratory seasonal 
pattern of range use. 
In 1925, Bruce'6found that there was 
about one mountain lion per 93 km* (36 
Figure %-Total home range of female lion 
83-200, showing areas shared with home 
ranges of various numbers of orner remale 
mountain lions. 
mi2) and that each lion used a home 
range of about 259 km2 (200 mi'). In 
1975, Kofordl7 estimated that there were 
four "esta"rPished" adult mountain lions 
using the 2072 km2 of the North Kings 
range (1 per 5 18 km2). This was probably 
a gross underestimate, as was his state- 
wide estimate. Our current estimate of 
one adult per 33.2 km2 may apply to 
another 570 km2 of the North Kings 
range. We further estimate that the 
remaining 945 km2 has about 25 percent 
of that density or one adult per 132.8 
km2. This extrapolates to about 41 adult 
mountain lions using the total (summer, 
winter, and migratory) range of the 
North Kings deer population, or an 
average of one adult per 5 1 km2 (5.1 / 100 
mi2). The total of all mountain lions 
(adults and kittens) using the Worth 
Kings deer herd range is estimated to be 
one per 3 1.4 km2 (81 100 mix). 
The evidence of high mountain lion 
density is supported by the increase in 
lion sightings reported by both biolo- 
gists and the public in and adjacent to 
the Worth Kings deer herd range. Moun- 
tain lions are being seen in agricultural, 
suburban, and urban areas in most parts 
of California. Livestock depredation has 
increased steadily since the beginning of 
the moratorium in 19714 e g .  5). 
If Bruce's16 lion density estimate was 
correct, and if it held true during the 
years of increasing deer numbers, up 
through the 1950's, the ratio of deer to 
mountain lions may have been as high as 
750: 1. Using current estimates of deer 
numbers and our estimates of lion num- 
bers gives a ratio of only 49: 1. With deer 
making up an estimated 60 percent of 
the lion diet and being the only large 
prey other than cattle in the area, it 
appears that mountain lions could easily 
be limiting the deer population. 
All radio-equipped mountain lions in 
the study area made unpredictable 
moves, yet demonstrated what Etkinlg 
referred to as a "sense of locality." Other 
than the two kittens, no individual's 
behavior was different enough to iden- 
tify it as a transient. We also found 
nearly complete overlap between home 
ranges. It appears thatno individual lion 
has any exclusive area, and we found 
areas used by as many as five female and 
four male radio-equipped mountain 
lions. We found behavior described by The nonmigratory seasonal-use pat- 
Hornocker'9 as "mutual avoidance." tern of some mountain lions may or may 
Mountain lions moved in what appeared not be the result of the high lion density. 
to be an effort to avoid a shared portion However, we think there is a possibility 
of their home ranges when another lion that this is the result of the low primary 
entered. This avoidance behavior com- prey population, the high competition 
bined with the high lion density to create 
a constantly shifting pattern of use. 
Figure 3-Home ranges of six radio-equipped 
male mountain lions. The solid, wide line indi- 
cates the boundary of the557-km2 study area. 
Figure 4-Monthly mean elevations of migra- tored in the range of the North Kings deer 
tory and nonmigratory mountain lions moni- population. 
Figure 5-Number of depredation incidents 
by mountain lions and mountain lions killed 
under depredation permits since the passage 
for it, and the availability of alternate 
prey at the lower elevations. 
We believe the low deer:mountain 
lion ratio on the range of the North 
Kings deer herd is an  unusual situation. 
It is the result of a declining deer popula- 
tion and high mountain lion density, 
probably a response to 14 years of pro- 
tection. This condition has serious im- 
plications for those responsible for the 
management of deer and livestock. 
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